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];if,tllcs  ]  :[)] -bd S}IOWS  :{vc.I:{f,c.  s})c.ctlfi  OIISC.J VC(]  ill folll  diffc!c.llt illtc.1 vals dLII  i]lf:  t}lis

]lCIi  C)(l,  ‘l”}lc.SC.  illc]ll(lc tlIc. lWJ() })rl i[)(]s \\J]IclI  llIc. Sc>lllt:c.  \\r;\S :i]]])]{)Xi lll:ltC.l~  :It tllC ~~ lC\rCl,  tit tllC

Sta  I L (’1’.JI) $)2.? 6--9250; ‘l’J]) : J]) - 9440(X)().5)  and tllc CII(I (’I’JI) 9448 --949S) of tllc tral)sitioll

SC. I iCS, ;~tl(]  two ~)c.fio(ls [K,twccIt,  y] (’]’J] ) ~~OS--934’/) [t~I(] yo (’]’JI ) 9356--93!)-/). ‘J’IIc. S] ICCIIi~l

(iC(’C)Il\~c)lllli[JIl fo~ colI\~cI  Lillp, t}lc. (If{i]y sc)lITc~  ~c)tlllt ]tttcs  tc) ])]]c)tc)ll f]llxcs, was doIIc witl] XS1’]t(;

llsil]~,  [I sill  f,lc.-lcll  lj)clttttllc.  (Iollijltotiizcd  II Iodcl (’1’itaTc.llllk  1994) (soli(l  lilies ill l:i~,ulc  l-t)). l)ata

ilwlu[icd ill c.ac}I flt col]sist of avcld~,c.  CC) IIIIt liitcs ill 14 cIIc If,y c} IaTIrIcls  II IcasLITcCi tyJ)ically I)y 2 to

4 (lC.tcCtOls  Cx])osc.(1 to tllc. source. fm h ~,ivcrl  vjcwil If, lx] id, ;IrI(l  scvc.I  dl Vic.witlf, ]ml i(ds  ill CaCII

o f ”  tllc foill sclc.ctccl  illtcl vals. Otl  IC.I II  Iodc.ls  sucl  I as tllc. ]) C)WC,I  l a w  aIId t w o  tcIll])clatllTu

t~OIll}ltoJliZC(l”  IIKKIC.I  WC.IC  also IISC(] to  flt tllc. (Iata, ‘1’atllc. 1 slllllIlliili7cs al] t}lc. flt )c.SLlltS. NollC of

tllC  tlllc.c.  lIIwlcls tlic.(1 ])) OVidc41 acccj]tal)lc,  f“It\ tc) tllc. two y) s]wctl~t (]~if,lll~.s  1 -b] &’ I}’l) w’llic}]  lIIay

I)c qllalilativc.]y  (lcsclit)c.(1  a s  llaviJi~,  two cotll]wllc.t]ts,  a  (hIllj)tolli7((l  slIa])c  ill tllc. 25-3(K)  kcV

lc.~l,ioli,  aII(l  H ]) C)WCI la\v tail, ]; : A]{- [~ fl[)lll  300” Jic.\~  to -- ] hjc.v ~vit]l  ])}lotol]  ]IC)WJC.I  law illdiccs

(1 ‘-2.4 alI(l (Y. =2.8, lcs~wctivc]y.  ‘J”i]c lli~,ll  cIIc]f,  y flllxcs  ale.  ~cIIc.I~tlly  cotlsistcIlt  with tllc 0.8--2

h4c.V f](lxcs II IC;iSUIN?  Ily (:0h41’’1’1;.1  / (S] ICWII fIS * ill l;ip,(lTc”.s l-t)] & 1A; h4c(k)[lt)cll  ct al. 1994) ill
Allp,llst of 1991, wIIc.11 (lIc. souIcc. was ill tlw IIOIIIIal 1 Sty,  statr..

As t~IC.  SO1ll  CC CVO]VC.(]  flolll ~> to y] (]:i{t,mc.  ] - t)~.) [III(] t~lCII  to 70 (]:i[l,lllc  ] -b:+), t~lC ovc. ]al]

s])cctr LIIII softc.llc.d, ‘]’]Ic s]]c.ctl  UIII obscI VU] ~)y IIA’1’SI{  at  y] ciiII I)c I]c.st flttd wit~l  a sirlp,]c.-

tcln])oatulc  (hll]llmlim(l  JII()(lcl  wit}l  k“l’ : 106.5 (-l 40.(), -q’i.()) kcV, firId 1 : 1 .(K) (-l 0.46,

-0.36). ‘1’l]is  is ]l~alkcdly  diflcIc.Ilt  tllarl that OIISCIVC.(1  ill 19”/9  by llf;A().3 (1 ,irlj:  c.t al. 1987) wltich

S]Iowd a bloa(l  sj)cc[I  al fc.atmc.  Ccrltc.ld  at  .-] hfc.V sN]KV]mcd  011 [:c)l]”l~]t{)jli?.c[l sjmt [ UII I wit}l  k’1’

L ‘/3 (“! 1’7,-1 1) kcV aJId 1: 1.67 (-10,?  (), -0.24). IIA’I’SI[  dfita SIIOW clcally that y] is Imt a ulliqllc

‘ S t a t  e . ’  it] tllc SCIISC. of n clla~actc.lis[ic  coJl(iitioJl  to w}licll  tllc  SOLIJCC.  lC.J)C.dtC(l]~  ICtllllls. “1 ‘lIC.
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[?iffc.lmlcc.  slmwn  iIl the 1979  and 1993 y] s]xctrd  was fll S! poilltcd  CNIt lIy l’acic.sas  d al. (] 995). 1 t

is likc]y that ill time ]W.I ids, the. source Imc]y ])asscd t}lroufjl the. sail  IC flux lcw],  but was dI ivcil

by \’c.l  y (]iffc.1 d.11[  l)hJJsiCa~  ]JIOCC.SsC.s ill thC. SyS(C.111,  ‘]’lIC Yl)  s}ydl 11111 Call  ~k. flt(c(~ \\’c.]] \Vit}l  c.i[]lCI  a

sil]f,lc tcllll)c.latulc  ailalytical  (;oln~]ton IImdc.1  [solid ]iIlc.  k’]’ : 1-/0 (-t 2(K), -66 kcV), 1: ().25

(-1 0.40, -0.25)] OI a pcmw law (I]lmtotl  ildcx  : 2..S-/) with ~2/\l: 1,2.3 (W 1 65) ard 1 .2”/ (V: 1 66),

ICs]mctivc]y.  Sillglc-])atalllctcr  uIIccl iaitltic.s  wmc c.still-latd at tlIc. ] O lcvc.], fm Irio(lcls wiliclt p,avc.

awc.ptabk  fits only, accm]ill~  to the. IIict}md  of Aw]i (] ~“/6).

{~yf,lItlS X-1 was a l s o  c)t)scv  vc.d  t)y tk Olic.Iltcd  Scitltillatio]l  S])cctlosco]ly  l~x]wlilncllt

((KS];) (I)llli])s ct al. 1996) on lic.tunaly  1--8 (’1”.11) 9384--9391, V1)-318.1) atd May 24--25  (l’J])

9496- -949-/, v]’-~~8)  ] 994 w] Ic.11 !lIc. SO1lICC.  was ill t}ic y[) n!d IICaT ~~ ]c.vd, Ic.s{mctivc]y (SCC

l:i~,ulr.  2). A dilmt  c[)ln]m~is[)rl  of all ot}wr 0SS1; all(? }lA’l”Sl~,’s  s} IcclIa  obtaitlcd  dlllill!,  tlIc.  l’lIascs

1-3 of llIc (;(il<() IIiissim,  is ~,ivc.1)  in a scjjalatc  pa]w  (1 ,irl~,  c.t al. 1996a).  llIiCfly,  fol VI)’S 318.1

alId 328, c}]an~,cs ill tllc ovc. Ian flux lc.vcl arid sjxw.t[al slla]x Ix. twccni  y[) aIId y?, silllilal to tllosc

SCCII t)y lIA’I’Sl~.,  h:lVC a l  S0 t)m] [)bSC.1  VC.(] b y  0SS1{. ‘J’lIc.le  ale. smIIc a])]) a~crlt  systcliiatic

diffc.lcllccs ill tlIc Ilolll’lalizatic)tl,  l)ut tlIc.  s]lcctlal  sha])cs  f,c.IIcl ally  a~,lcc  w e l l .  1 ‘or  V } ’ - 3 1  8.1, a

]IOWCI - law s~mctl al sha]]c. was obsc.1  VC.(1 t)y bc)t}I  OSS1 i a!d II A’1’SIL.  ‘l”hc  best- flt ]IIK)IOII  iTdc.x fol

OSS1; is CY. : 2.’/211 ().()3 (1’llli]js  ct al 1996), which is col)sistc.rlt  with lIA’1’Sli’s [I : 2.”/ cl 0.2.

(XSI1 fluxes, }IOWCVCI,  WCIC. p,cIIcJHlly IOWC.I  tlla~l  }lA”l’Sli’s,  I)y about 25% at 1 ()() kcV. I(OI Vl)-

32$, [mtll ]{ A’1’S]i allc] C)SS];. sjJc.ctld  S}IOW  Collsistc.llt  flllx a[ld (!c)IillltcjIj-like. s]lcclral s} Ia])c. ‘I’l Ic.

OSS1[  flux at 100” kcV is c.stililatcd  to bc --5%  10WCI  tlla[l  IIA’I”SI {’S.

‘3. . l)is(llssio]l

]’rohlculs  with the A tlnl.ytic  (lol~tjjtolliz(itiori  M o d e l , IIcmusc stalldal(l  analytic

(T()]ilj)lc)]lizati()]l  ll-IOdClS  fail to g,ivc adequate fits to tllc two y) slIcct  Ia, \\’c.  llaw Smlf, }lt Otllo s

wllic]]  ale. Cw]cc.])tually  siln])lc.  ald ])}]ysic:illy sr.]lsitdc..  It is iln]mtaltt  to Icmf,lliw  t}lat tllc.lc”.  alu

SCIi OUS S1101  [C.oltlillp,s  of t}]c af]alytical f~c)lll~)tc)rliz,ati[~ll  Inodc.1 Jv]]jc}l I]as ly.c.11  frc.quc.l)tly Nscd irl

tlIc. ])ast fol Cllalactc]izillf,  {~yp,  IIus X- 1 s])cct[d without qucs[iollitl~, its ap~llicabilily  as wcl] as

lc.]iability  of tile. lcsu]ts.  l(ilst, fol a 2.-tcll~I)c,IatllTc  II ICXIC.1,  arly likely  cC)llJ)lill~,  bcIwcc.11  tlIc, twu

lv~,imls  is totally i~,llole.d,  wllicll is ~~}lysically  iIlllllatlsit)lc.  A]so, tllc analytical fo)ll)llla fol t}lc.

( l)rrl])tol)izat ion s]wc.tt  [111-1 is valid  OIIl y Witllill  a lc.p,ioll  ill ttlc ])al alnc.tc,j sj)acc ([i, k’/~,) dc.f]llcd  t)y

l’i~,me “/ ill IIlla & ‘1’itald]llk  (]99S),  W]IC.IC [i is ~ f[lllctic)ll  [)f {)],tiCal  dC,ljt}I  T (’J’italclluk 1994). As

ildicatcd  it I t}lc,  p]c,vious  sc.cti  OIt, 0111 y two of tlIc. foul s~)c,cti  a (SC.C.  ‘J’at)lc,  ]), Ilatnc] y y] aIId yo, CaII

t)C.  tlCst-flttcd with a siI)p,lc.-tcIn]ml  at ut c. (;C)lll]~tc)lli7,[lti{)Jl  ll-ICK]C.],  ‘]”]Ic COI I c.s~mlldill~,  [3 val[lcx fo)

tllc.sr.  two s]mctla basccl  cm tlIc bc.st-f”lt  ]la~alnctcls  alc ().61 aTd 1.81, lcs]mctivc]y.  };m t}lc y]
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s]w.ctI UIII, t}lc ]mitlt  dctc.~l]~irlccl  by t}lc. cocndillatcs  (~, kl’ ~,), o (0.61, 1(16. S) is within  t}m  Ie.giOII

whmc analytical fol Inula is applicahlc.  “l’his is Id tl m, howmm,  of tile. YO s]~c.ct[ uIIi, fol whic]l  t}]c

cmditmtc ]mint (1,81, 170 kcV) is on the. boulidal  y of” the lcF,ioI1. ‘1’k problcm  is II”IOIC.  SC.] icms
fm tllc lowc.I liTnit of the, y~ filling,  w}lic}l  lias Coc)ldillatc.s  (iIlflilitc,  372.9 kCV), fal outside Of t}lC

lcp,iml. “1’}Ius the best-fit palttltmtcls dc.livccl fIol[l the analytical  CoIli]Wll  lnocld Cx3nrK)t bC

mlsidu d Idiablc  for chamctm  iying ttm cm)(litiorl  of the. sow cc at the yf, Icvc.].  } INR & ‘I”italctluk

(1995) Ilavc (xm(luctcd  tin c.xtcmsiw cc~tllparisoll  of ~csu]ts  pIduccd by the. analytical  ard Monte

(kilo  (:c)]]~])tc~l]iz.fitic)rl  ]I]ct}lods,  aIId h a v e  shmvII  that tl~al)y  of the wcakllcsscs  atl(l  mstlic(  ions

SIIOWI1 il)  tllc.  a~~alyt  ical  IIic)cicl  h a v e  txc.11  c.lill~inatcd  w i t h  t}lc.  Morltc GIT 10 ~Ilc.tl]od.  1 ‘cn tllc.sc.

I c.asoIls  wc IIHVC. adoptccl the. Mmltc (hTlo ~;ol[-l])torli~:tt”  ion CO(1C  (Icwlo])cd  by } ]ua & “1’ital clluk

(199S) ,  wllicll  wc bclicvc. is a Su]xliol nwtl]od fc)] rlmlc.li]l~,  tllc condi t ions  of tllc SOLIICC

lcpcsclltcd  by the four s~mtla  S}1OWII in l(i~ulc 2. “J’;ib]c  2 lists the corIcs]mIdirlS  fluxc.s  for cacti

of IIIC. four sl~cctIa  ShOWII irl ]~if,lllc,  2 W]lic}l  wc llsc.d fol OUT h40r1tc [;aI lo s(LIdy.

Alontc L’GIZO C o r e / C o r o n n  Afodcl.  ‘1’}Ic. t wc)-)cp,ic)]] h4011tc. (~a~ 10 IIiodcl  S} IOWII i~l
1 ‘ip,mc  2 c)ffcIs a physically attractive picture for illtc.r~)fc.till$  the y~ slIcc[Ia.  Suc}I a cmIlfl~,u18tic~Il  is

silllilal to OIIC ])lo]msccl  rcccfltly by Skibo  afld 1X211-ICI  (1996). It Consists of a hi$h tc.lll}wlatulc.

‘colc’ crlltmdclcxl  in a coc)lcr ‘coroIla’. I;or siIllJ)licity, SJ)}lCIiCfil  syI]llnctry  equal clcwt I oII clcIlsitics

ill COIC. and cmmla have. bcc.r]  assullie.d. As ill]]uts  tc} tllc.  Inodcl fit, WC. ustxi ().5 kcV soft SOUICC

]Il)otolls,  Wllic]l wc.le fed I a(iial]y  irito the systc~l]  at the outc,l  SNT face. of tllc. co IoIIa, Note that t}lc

],] ojmsc[l  #,CC)Illctr  y is 011] y OIIC, pc~ssit>]c  cc)rlfl~llr-atic)rj  W}lic]l  has bccrI cxtcrlsive.1  y st udiccl  tC) date

llII(lCr this irlvc.st  if,nt ion. Olhcr :c.o InctI ical cmlf]~ul tit iol]s fo both the. hot CorrIl)torlizat ic)ll ]Cg,i Oll

as wc]l as the. ir]cicic.llt soft ~)lmto]l sou Icc. calllmt t~. I ulcd out at t}lc. ]Ircscl)t.

‘]’hc ccnoIla/coIc. nmdc] is dcsclihcd by foul ]~alalnctcIs,  tltc. tc~IlpcIatuTc.  L-7”] ad o])tical

dc]lt}l  1] of t~lc. cmolla, ald of t}lc core., k]’? aTd t?. “ihc. ~lc.st-f]t  Iesu]ts fm t}lc. twc) y>. S]lcctla aIc

slIowII as dasl Icd ]incs ill ];i~,lllc,s  1 -t~l & tpl atld ]istcd irl ‘J’at~]c.  ] . OLII stll(ly snows  that llIC l[)\t’-

CIIC.I ~,y com]mIIcJIt  (<300”  kcV) of tllc. y), s}w.ctr Lllil is ])1 irl]al ily d(Ie to (I)rn])torl  uj)- scattu  inf, of tllc.

illcidult soft photons in tllc ccumm, with kl’ --48 ke.V a[d z --1.3, “IIN higll-c.lmf)y (>3(10 kcV)

C~)lll])o]le,J)t,  ]l~)\\~C\~C],  ?)laill]y ]Cs~]lts  fJ()~~”l  fill [lIc,~ (~{)~[”l])toll s~att~]i[)~  ill t])c, C()]c C)f }Iald ~-?”ays

])1 O(lLICC(I  ir) t}IC CX)I c)~la, ]f tllc. c]c~t[()]ls ill tll~ COIC, al~. tllc.I1tlal,  t]i~.il av~.1  ag,c k’f” is --2.30 kcV and

I -- (),4. WC have a l s o  II Ioddcd  tlIc fouI s]w.ct[ a usillp, t}lc h40]i[c. (;a~ 10 mdc fm a sirlf,lc.-

tc]]l]m atuIc ]c.p,iol]  (SC.C. ‘1’able 1 ). WC, f]fd that the, siilglc-tc.m]jcl  titUIC h40~ltc  Callo  (hIIj I[OII II KKIC.]

(dasld  li[lc. iII l’ip,um 1. b3) fits tlm y(l S] KT.IIUIII VCJ y well (k’J” : 110 j 11 kcV and z : ().4 :1 0.6),

but ]mcM 1 y, as c.x]mcted,  fol tllc two ‘y?. spcct I a (~,7/\’ “-2..5S,  2.72 fm v: 1 1). ‘J’IIc best-fit
])al alllc.tc~s  f~)l- tllc. y~ s])c,Ctr  ~1111 arc. c~)]lsistc.rll  With t}l{)sC C)l)tairlcd ~lsirl~  tllc. aIial yt ical  I[lodc.1.
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1 IOWCVCI, IIIC palamcte.r  space derived  from the. Monte, Carlo method SCM-IS to bc bc.ttm

conditicmcd  or mole tightly coIIfincxl  tllau that dcrive41  flo~n the arlalytical  rmdcl,  ‘1’his  dcmonshatcs

anot}m  fundamcrittil  diffclemz  irl the lc.suits ]Moduccd  by tlIc two models. “lhc best-flt pal aTiMcIs

for t h e .  y] spcdl  LIIII (k”]” = ] 1 5  :! 8 kcv, ‘t : ().7 :1 ().~6; dashd  lillC irl ]iig,lltc  ] - b ? )  ale. also

ccmsister]t  wjth  those,  (lC.liWd  fIom the a n a l y t i c a l  Inoclc.1  [k’l’ = 106.5 (-1 40.0, -27.6), Z = 1,(1

(-l ().46, -0.36)]. ‘1’hc,  fit, hmvcvm,  is I]ot as good (~2/v -2.1 fol v= 1 1). IIy cxcludjllp, chamlel  1

fIoln tlIc mocic.]  fit, Ilm ~2/v il]lpmvc.s to 0.7. l;] Ims shmwl for they] ad yo pwamctets  ctc.rivtd

floll~ IIIC. MoIJtc. C;aIlcJ IIiodc.1 fit WC.IC cstilljatc(l  usiilg t}lc Iilctl)od  ~)Icsclibe.d  by Avlli (19“/6).

CoI IcsJmmling elIors  for tlm twO tc.m~)c~  atuIe.  co Ic/co Iona mocld arc more difficult to assess as

tllc.y t lavc to be. dete.I n“lild  fI 01]1 a foul- dillic.risio~lal  h y~)cJ SIMCC. (Iwo t cvnpcrat  Utc  ad two Opt iC.:tl

dcpt}I  paI al Ilctc.n) m a p p e d  wit]]  lcsu]ts obltiirlcd  floln a  laT~c  IIUIIIbC.r  o f  MOIIIC  (:atlo

col IIJJutalioIls.

Results of OUI Monte (2T1c) study CaII be suInlnalid  as follows: (1) A IIIotlcl  of soft

photons with c+a~actm  is(ic black-bed y tc~n]m  tttm c of ().S kcV, wltidi ale. diall  y fed into a two

tc.ln]m atm e cm c/ccnc)lla systcl n dcscu ibcd above seems (0 dcsmibc  the. t wo y?, spcct m wdl.  (2.) As

llm smucc evolved flo]i~ y~, to ye), tlw syste.]11  chmlgcd fro~ll  t wotc~lqml  atu[ e to a sirlf,lc-tcrll~)cxttllll-c

rc~ion wit}~ k’1” - 110 kcV a]d z -().4. ‘1’hc appawnt  ceding of the. cwc.rail systcm is corlsjstcnt  with

the distij)lml tittcc,  c)f t}jc. outcl  cmorla wllilc,  tlIc CWC. tcIi)l)C]  atu~c  (lIO]IIW1  fI 011) --2.30 kcV to -1 1()

keV, and the q)tical dc]]tll lcli~aillcd  ut)cllall~,cd.  As discussed irl Sc.ctiorl  1, IIIC dmeasc  iti haTcl X-

1 dy IIllnilmsit y Cc)u]]lcxl with arl overall  cool ins of tl]c systetn,  am gene.1 ally cxpcztcd ill a sOf[ X-lay

13 to 1 IS tr almitioll  such as t}iat  otmwc.ct  by 1 ]akmho (O~,awa~  a et al. 1982) ald  1111A()- 3 (1 ins ct

al. 1983) in 1980. “l”hc.y am also cxulsistcllt  with the tempolal and s~)cctral  variability obsmd by

l{ A’1’SIL fol” [Ilc. 1996 1,S to 11S tr~l~sitio~l  (Y,}ialls,  ]]rivalc cc)])ltl-lllllicatic)ri).

III this cc)lclccm)l)a  ~imdcl,  wc have assuli~ed t}le. cc)~-c  to t)c dc.scl-ibcxl  by a t})c.~ [1-lal e.lcct[ori

lml)ulation of tclilpc~atum k7’1. I t s  tr uc Ilatulc, }Iowcvcr,  CC)UIC1  illcludc. b o t h  thcvlnal  and

lmr)thc.rlnal cornpOllcllt  S. <;llaklabrtl  [i a[id ‘J’italc}lllk  (1 995)  lccc.rltly ])lc)])c~scd  tlla[ )c]ativistic

clcctlo~~s  witl] c[ic~g,  ic.s ul) to 1 McV lnay be associatd  with the ficc infi~llirlg  ]nat[cr mlto t}m black

IIolc jn t})c ‘convcqiTlg  flow’ rcgjon IIe.aT tllc event hcmimri  ( 1 to a few I&,,., ). ‘1’hcy fm llIc.r

]lIcdictcd  that ciuliJlg  an X-ray 1 ,S to )1S transitic)ll, a Colltitluulil  of soft ])hotons produced in tllc

Otltcl  disk could be. up-scat tcrc.d direct] y by hif,l] cnm p,y clcctmls  in the. ‘convc.lgi[lg’  J cgicm,

c}]an~,itlg the spcwm]lij  fmm the. starda~d  (~c)ll-ll)tc~11i7,c(l  sllaj)c.  to a ]mvm-law with p}iotoll irdex  of

“-2.,5 fO] t}]c.11S. ‘1’his scmial  iO is p,clmrally  corlsistcrlt With t}lc. Cvidcl)cc  ]ncscritcd  110 C.

lu sumlnary,  our maili  msu]ts alc as fcdlc)ws:



1. We. have,  observed and characterized the. ‘ncmi)al  state’ soft gamma-ray spcclmlll  as havitlg

two m npone.nts, a ~omptcmimxl shape below 3X) aid  a s]lcctml tail cxtmdcd fl om -300

ke.V to -1 McV. ‘1’hc latter is ccmsistcnt with that c)bscl ve.d by the ~C)M[’1’113, cx~mimcnt

(Mc(lmnc]l  ct al. 1994).

2. WC ill[CIJ)l  t2kd dlC, nOrIIM] ] .s/~, SJkdl”lllI”l  ill kI”IIls of a sin”lp]e 2-[e~l’l~)cl atlllC  ColC/Col~Ila

mode.], using h Monte Gt 10 calcxllatiol] tc) dcli~onst[  ate. that the emcIgcnt  spe.ct[a  ap,Ice,

well with t hc c)t)scrvccl  clat  a.

3. (~yfI,rIus  X- 1 wcrlt t}mugh  an cxtcnclcd trarlsitic~ll  bctwce.11 August  1993 ad May 1994, the

fil st observed since the 1979-1980 cmmt c)bscl vd by 111 iA(l-3 (1 ,in~, d al, 198”/). Ovm a

]miod  of -300” days, the,  bald x-Iay ftUX (4 fi-140 keV) dccre.ased slowly (-140 days)  flc)n~

~?, through y], to a new lc)w le.vcl yo olic-qualtcl  of y?, bcfolc Ictul Iling, to y?.

4. ‘J”hc y] s~)CC[l”LIIIl shc)wed  a very cliffcremt  shape than that c)bservcd  by ] If{ A(l-? in 1979

(1 ,ing et al 1983 ald 1,itl~, et al 1987). “1’hus the. y] lc.vd of the. 45-140  kcV flux cannot  bc

considered as the sig[latmc.  of any single,  miquc  “state” of the. systcln.

5. “J’IIc ]OW-flUX y~ s~)ectrlln]  had a softc.1  powc.r ]aw fo~ln. our Molltc  ~;ar]o Ynodc]illg  of the

s]~cctl  UI]l suggests a gclmal  ccwlin~,  hacl Occulld ill the systeln.

We holw that these results will stiT1-lulate  an intcmst  in mole extensive. inve.sti~ations,  both

tlKXHr.tiC:ll  a[d obscrvaticmal,  in the future.

We wish to thank S, Chakl  abal ii ard  1:,. 1.ian~ for valuab]c  ccmmemts of this ~ilalluscl i])t,

:111(1 1{. ‘1’ulrm  fol” assistirt~  in the ploccssirlg,  of t}le. data. l>. Wallyrl  an[l X.-M. IIua ])al-tici])atcd  in

t Ilis woI k as Rmiclcnt  Re.scad  Associate.s suppcmted  by t hc Nat icmal  Research (kmncil.  ‘J “he. work

(Icsm ibc(i in this paper was cat ~ id out by t}lc Jet l’ro~mlsioll 1,aboratory,  (California lrlsti t lltc, of

‘J’d]lm]of,y,  unde.I contract with the National A.cmlautics  ald S])acc A(]lllillist[a(ioll.



“]’alJlc  1. CygIIas  X-1 Model-lit l’arametcrs

.—--.. ——. -. .——. ——. .——... — .. ——. —.-. —.. — — .—.. - — ” — - —  .,..  -—

PoMcr-law hlodcl

‘1’JI) 9226 -92S0 9308-9347 9356-9397 9448-9495
Flux-  lmvrl (72) (71) (70) (72)

photon  indcs 2.20 2?94 0.02 2 v j 0.04 209
x~iv (v) ]3.-/ (82) 1.6] (180) 1.?-/ (166) 8.5 (138)

Con, pton  Analytical siu!le-~!mwment CQrai?lotI  Modsl
hlodcl  l’aran, ctcrs

l’~o-Cwmonent  Conmtm  Model

“1’JIJ 9226-9250 9308-9347 93 S6-9397 9448 -949s 9226-9250 9448 -949s

l’IUX-I.  CVCI (Y2) (71) (Ye) (72) (72) (72)

k’]’, (keV) 53.1 106.5+ 400 169.9’ ~’~ 35,7 40.4 51.7
- 27.6 -66

~1 2.68 ,00+ a46 0.?$0  ‘ 040 2.73 3,36 2.91
.036 -0?5

k’1’2 (kcV) 440 260.1

~2 0,39 154.7

x~tv (v) 4.3 (81) 1.?3 (179) 1.?3 (1.55) 284 (13-/) 4.22 C/&) 258 (134)

[:on,pton  hlonte  Carlo
hlodel  I’aran,  rtets

Skml$-lenmeratur%  CQKOIISI  Model l’wci-.lamr .!201maK~rt  M@dtl

TJ1) 9226 -92S0 9308-9347 93 S6-9397 9448 -949S 9226-9250 9448-9495

Flux  -lxvcl (72) (Y]) (70) (72) (y2) (72)

kl , (Chin  (’mm) 80 111.6j  8.0 107.7 i 110 85 48 48

~1 1.35 0.723 * 0,0s5 0.43s+ 0.06JJ 1.40 1.30 1.35

k-1’2 (Inttet C’OIC) 210 ?50

~? 0.40 0.40

Z21V (v) 755(11) 1.98 (11) 0.18(11) 272(11) 1 .?7 (9) 1.35 (9)

- — —.— — —.——

‘J”ablc  2, Cygnus X-1 Fluxes

(kcV)

TJ [)
k’lux-lm’vcl

2A 31
31 41
41 55
55 73
73 98
98 173
123 16?
16? 230
230 313
313 429
479 595
595 766
766 IIM
1101 1-/00

(pt,  otcms/cn,  Z-s-kcV)  x 106

9226-9250 9308.9347 93 S6-9397

(Y2) (v) (70 )

97’30 ~ 164 -/8s?~?8? 4.SII-I 191
5669 i 66 37064101 7351* 69
3449 i 34 21M i 54 l189i  36
1988 j 20 1178430 XX,? + 19.7
11743 13 665.9 i 16.5 777.8 j 1? 9
675.5 i 9,0 376,7 i 11.2 137.2 + 9.0
373.4 i 6.0 201.747.5 69.1 i 5.8
158,7 i 3.6 &7.7j  4.3 30.9 i 3.7
57.5 i ?.7 34.4 i 3.4 9.12! + 3.M
?0.1 420 l??~26 3.614 2.?0
5.89 i 1.73 3.14 i ?,62 -1.03 j 2.44
2.284 1.05 2474 ?,00 0.756 i 1,909
1.5640.93 0,765 * 1,373 0.7014 1,619
-0.241 i 0.393 -0.715 j 0.998 -0,3924 1.144

8959* 13S
5663 i 62
3504435
2075420
1233 i 13
733,43 8.7
474.5 i 5.8
184.44  3.9
68.3 + 2.9
24.74 ? 1
8.16* 201
3.13 j 1.42
2.47 ~ 1.1?
0.681 j 0.553
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1 ;i~,ure.  1. (a) ‘1’hc first complctc  gamma-ray tr-ansiticm  of Cygnus X-J, of-300 days duration, was
observed by 13 A’1’SI i betwce.n  August  1993 and May 1994 as inciicatecl  by the ]ightcutvc  of the 45-
140 keV fluxes. ‘1’he solid lims rejmse.nt fcnlr typical flux levels. ‘J’htcc of these levels  (Y1, Y2 ant]

y3) were seem by II F,A()-3 in 1979-1980, and the four-th (yo) is a new level seen for the first time
by }lArJ’SI~ (} ’acicsas  et al, 1995).  (b) “l”k yz spectra (b] & b~) consist of two-components: a high-
cne.rgy tail above 300 kcV superposed on the ~cmptonimcl  component below 300 ke.V. As the
hard X-ray flux dc.crcaseci  from ~z IC) ‘yO, the spectrum evolved to a shape consistent with either a
power-]a w with spectral incie.x of -2.6, or a sir~g,lc-tc.1~-l])erat  me (lompton  mock] (panel-b3). “l’he
solid line in each panel rcjmsents  the best-fit sir~gle-terll~~eratllrc  analytical ~ompton  mc)cle.1  and t}m
dashed line rcprcscnts  the best-fit produced by Monte (;arlo  simulations of the system. I;luxcs

mcasureci by the COMI’”J”  I;], cxpe,rime.nt  (McConnell et al, 1994) in August  1991 (+:) arc alsc)
i ncludmi in panc,ls-bl  & b4 for comparison.

l;igure.  ?. Simultaneous observations of CygIIus X-1 were made by IIA”l’SI1  and 0SS1[  during  Vl’-
318.1 ami VJ’ -328 of t}lc mission when the sot~rcc  was in the ~ and -72 ICVCI, respee.tivc]y.  “J’wo
contrasting, spectral shapes were observed by Mb cxperimcl]t below 500 kcV: a pc)wcx-law for
VJ)-3 J 8.1 compared to a (Uomptoniz.eci  shape for VI]-328,

l;igute 3 A two-layer system consisting of a inner high-energy core crnbe~ided  in an outer corcma
is used as the model for clctailcd Monte ~arlo  silnulatic)ns  of two yz spcctla. Results of these
simul at ic)ns arc smnmari  mci in “l”able  1.
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